buried solid-solid interfaces. Although much can be learned with existing techniques, as e.g. cross section transmission electron microscopy (perhaps with energy loss spectroscopy), and soft and hard x-ray reflectivity with variable (perhaps resonant) photon energy, it has until recently not been possible to easily apply the powerful soft xray techniques of photoelectron spectroscopy and x-ray emission spectroscopy selectively and nondestructively to such buried interfaces.
In the first studies of this kind, Yang, Mun and coworkers demonstrated a new method for selectively studying such buried interfaces by combining soft x-ray standing waves generated above a multilayer (ML) mirror with a wedgeprofile sample configuration [1] . The sample configuration used in this method is indicated in Standing wave-excited photoelectrons have so far been used to gain information about the compositional and magnetic structure of an Fe/Cr bilayer of relevance to giant magnetoresistance (GMR) [1] , as well as the densities of states in buried layers associated with a structure related to a magnetic tunnel junction (MTJ) [2] . This standing wave/wedge (swedge) approach utilizing photoelectrons, when combined with accurate theoretical modeling including all x-ray optical effects [3] , yielded concentration and magnetization profiles with estimated accuracies of ±3 Å within the Fe/Cr bilayer. In the first study of this kind [1] , the sample was grown in situ on the mirror, with
Fe at a constant thickness of 16.2 Å on top of a Cr wedge varying from 100 to 300 Å in thickness. The small Fe thickness permitted probing both the Fe and the underlying Cr layer using photoelectrons. In this case, because the samples were grown in situ, the short inelastic mean-free paths of photoelectrons in the energy range of 500-1000 eV used (approximately 10-20 Å) was acceptable, but for many other cases of direct interest for practical devices, it is desirable to add a protective capping layer on the sample to permit transport from the synthesis system to the spectroscopy chamber. Such a capping layer would strongly attenuate the photoemission from the underlying layers of interest. By contrast, soft x-rays in the same energy range have attenuation lengths that are from one to two orders of magnitude higher for resonant or nonresonant excitation, respectively, and so should allow the study of a broader range of samples.
In this paper, we report the first demonstration of buried interface characterization via soft x-ray emission (XES) and resonant inelastic scattering (RIXS) using the swedge method. Again, we study the Fe/Cr interface, but now capped with an alumina layer to protect against degradation of the sample.
This allowed the sample to be grown ex situ. XES and RIXS [7] . The experimental geometry was such that the incidence angle inc was 12.9°
and as near to the Bragg angle as could be estimated (see discussion below), and the emission angle em was 48°.
Two types of experimental scans were performed, as done in the first swedge studies 12.3º are due to refraction and phase shifts in the waves reflected and refracted at each of the interfaces due to small deviations from unity of the complex optical constants in each layer [8] .
Broad x-ray emission spectra were recorded, as shown in Fig. 3 Tuning the sample to the position of the Bragg angle yields the largest modulation of the electric field through the sample, and this is then the angle at which the scan along the x direction is performed. As Fig. 1 illustrates, when the sample is scanned in this way, the incident beam moves along the wedge, with x-ray optical calculations confirming that the standing wave is The overall slope of the Cr intensity in Fig. 5(b) is due to the wedge form of the Cr layer, such that as the wedge gets thicker, the Cr intensity In order to now determine the buried layer and interface properties in more detail, we focus on the overall form and the relative phases of both the RIXS total intensities and the Fe magnetic circular dichroism (MCD) results. We chose the Fe L 2 resonance energy for excitation, since it exhibits the strongest MCD effects in RIXS, as shown previously by Duda et al. [7] . 
where the intensities are determined by peakfitting with linear background subtraction. The relative dichroism magnitudes of both our XAS data in Fig. 2 and the RIXS data in Fig. 6 are again consistent with previous work by Duda et al [7] . There are also clear oscillations in the resulting MCD curves shown in Fig. 7 , with overall amplitudes relative to the average of from thus implies that the MCD will be constant during a standing wave scan in z or in fact also a rocking curve scan in inc , unless the contributions of a given atom to dichroism as a function of depth differ from the concentration profile of that atom. An alternative, and very useful, way of looking at this is that, if the MCD is found to vary during a standing wave scan or rocking curve measurement, the contribution of a given atom to dichroism is not constant through the layer or through one or both of the interfaces bounding the layer containing that atom.
From this discussion of Eqs. (3) and (4) and the results of As one final assessment of error limits, in 
